Lithium atoms channeled in the nodes of an intense standing-wave radiation field are cooled to near the recoil limit by adiabatically reducing the radiation intensity. The final momentum distribution has a narrow component with a root-mean-squared momentum of 2h k in one dimension,~here A k is the momentum of a radiation-field photon. The data are compared with [3] . In this paper, we report cooling atoms to near the recoil limit in one dimension, using a method that requires only two atomic levels.
can experience a force in the standing wave since the gradient of the potential energy may be nonzero. For a radiation field with frequency blue-detuned from resonance (i.e. , frequency greater than the atomic resonance frequency), the atoms will be attracted to the nodes of the standing wave. In this case, atoms whose maximum kinetic energy is less than the depth of the potential may be trapped around the nodes [4] . This "channeling" of atoms has been observed [51. Once the atoms are channeled, their kinetic energy may be reduced by adiabatically lowering the standing-wave intensity. Adiabatic cooling of channeled atoms has been discussed in the context of low-intensity "optical molasses" [2, 6] . In our experiment, atoms channeled in an intense, one-dimensional standing wave are cooled adiabatically to nearly the recoil limit.
In the absence of spontaneous emission, a two-level atom in an intense, near-resonant standing wave possesses two states with diff'erent eN'ective potentials, corresponding to the sign of the atom's induced dipole moment.
These potentials are U~(z) =+ -, ' h[Qtisin (kz)+A ]'I -& h h", where Ao is the on-resonance Rabi frequency (i.e. , h Qo is the interaction energy) at an antinode of the standing wave, h, is the detuning of the standing-wave frequency from resonance, and k is the wave vector of the radiation which is along the z axis [7] . When the field energy is included, these effective potentials correspond to the two "dressed state" eigenvalues [8] . U~ Fig. 1 , so that the atoms can interact only with the most intense 1-cm length of the standing wave. In the apertured region, 00 varies from 33y at the edges of the aperture to its peak value of 45' at the center of the standing wave. In this high-intensity regime, the resulting momentum distribution is determined by the balance of the dissipative cooling due to the time-averaged dipole force and the diffusional heating due to the fluctuations of this force [8, 9, 11, 12] . Although no significant adiabatic cooling is possible due to the small change of Rabi frequency, a large fraction of the atoms are channeled in this region. The half width at half maximum of the momentum distribution is 8hk, which is comparable to the rms momentum of 5hk for an atom channeled in the ground state of the potential with 00=33@. Finally, for the data shown in Fig. 2(c) , the aperture was moved out to point C, as indicated in Fig. 1 Figs. 2(b) and 2(c), the quarter-wave plate crystal axis was at an angle of 32' with respect to the polarization direction of the incident linearly polarized light, rather than at 45, as required to produce circular polarization.
Therefore, the standing-wave radiation was slightly elliptically polarized. We found that this polarization produced the narrowest final momentum distribution.
Additional experiments established that there is a three or more level cooling process involving the F=l ground state, which is more efficient than the usual two-level dissipative dipole force for cooling and channeling atoms in an intense, blue-detuned standing wave [13] . "Sisyphus" cooling 1346 schemes involving two atomic levels coupled by a nearresonant standing wave, and a third, "reservoir" level have recently been proposed in the literature [14] . We emphasize that this multilevel scheme is an eScient way to "load" atoms into the channels, but the adiabatic cooling involving only two atomic levels produces the striking cooling evident in Fig. 2(c) . We were able to exclude the possibility that our data could be explained by any cooling mechanism involving multiple ground-state mF levels in two ways. First, we excluded the repumping beam from the trailing edge (point B to C) of the standing wave and measured the resulting momentum distribution.
The elliptically polarized standing wave couples the F =2 ground state to the nearly degenerate F =1, 2, and 3 excited states. Therefore, if the atoms were cooled by a mechanism involving spontaneous decay into ground-state sublevels other than F=2, mF=2, the atoms would be quickly optically pumped into the F=1 ground state because of the large branching ratios for spontaneous decay into the F=1 ground state. However, we found that after passing through the standing wave, 50% of the atoms remained in the F=2 ground state, and furthermore, these atoms were left with a momentum distribution having the same shape as that of Fig. 2(c) . Second, we atternpted to cool atoms using the repumping beam and an elliptically polarized standing wave of uniform, rather than decreasing intensity. We found that narrow features of the sort shown in Fig. 2(c) could not be duplicated with the large range of detunings and Rabi frequencies we investigated.
Since the integral of the three signals shown in Fig. 2 is the same to within our experimental resolution, we conclude that few atoms are left in the F=1 ground state when the repumping beam is present.
The lighter lines shown in Fig. 2 Fig. 2 . This model, originally developed by Dalibard et al. [15] , was adapted by us to successfully model the evolution of atomic momentum in an intense standing wave [12] . For the results presented in Fig. 2 , a two-level system was assumed. Experimentally, the data obtained with circular polarization and the aperture at point B agree very well with the two-level model, but the narrow peak of Fig. 2(c) is not observed when the aperture is moved to point C. A possible explanation for this discrepancy is that defects in the standing wave cause atoms to become unchanneled and these atoms are not channeled again sufficiently rapidly to be adiabatically cooled. However, the increased damping provided by the three-level cooling mechanism may channel the atoms more deeply and sufficiently rapidly to allow adiabatic cooling, even with the existence of some defects.
Because 
